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h fr\Z ~t & Z t t)*~^mX3b& , 
[ 0 0 3 9 ] 

C aMKIItt, c^ffiW^^lc fctt £ ,f ffl US l*l C a 2 + ^ 7+ >i <*>±S3:gv^ LT. ttUSig 
Iftlctfcfp LfcHHf»Bfctf>0«iik:aS -5 i: #£^ntv>5. C a M K I 1 14 . 

Ca 2 + <^_Lmc & o T^14ft£ ii >i =e 'J =>- ') > (Ca 2+ i^l^^ty^ 'J>> C a 2 +/ ^7 
^ t y 1 > ) 3 h IC «k *) M'ttfb^ flX . n * ^Sliai^ 'i >B£fLT*§ -5 

=k 7 % £ . 3 <?> vg'ffi fb<^ ^ k: 14 . M W K > -i > <^ * ic -5, 2 8 6 S g (7nteJ;V7 
^7 xcoif-^) ^7; ; gK x u (Thr-286) <^@e'i >^fb* s S3 Z> . c<^Thr-286 

<^ @ E 'i > S^fb 14 . jHH ^ 1*1 C a 2 + <7) jgj S T L 7c ^ tc t 7 *■ 7. 7 t ^ - ( JIfe «; > ^fbg$ 

«) ic «k o xm '> n%\^m *> . c a mk i \^^^.<t^m. t^^^iai^i 

tc $ i± & 7. >f > v ^ &fg t lt, • -^s t ^ s -y 7. BrMtt \z mm %&w] 

[ 0 0 4 0 ] 

C a M K I 1 14 . 1 0 — 1 2 ill <7) ffl [a] * ^ 7^ - v \* (m^Malt. atp)frh%Z>^ 

^^ni-efilifctiibft-CSt. C a MK I I a ^16 t T H 31 7c *U ^ 
<7> -tf v$ -|± <t> a**^v$ L T-^^tt^ ; -y 7 ^v9XT*!i, C a MK I I a ^$l*T*i> 

■SVMiC a MK I I (3 fc#K^M#«j^JI3Jft-t5*»&6fc*ftfc*U i)^SIt LT<^Thr-28 
6 «t UtztiX \>2> fzdblz. ^<^^r^---tf^'l4^^ < & o Tcif^tc. *d||^t^C aM 
K I I « <7>Thr-286 (CaMKII(9<^Jt^t4Thr-28/) tf> S E >SHki>* £<7>jgJgl£ - o "C v> 

^x^tl^o C aMKIIa^ie^i) 1 ^' (^oTLIofcJ;?^ J -v 7T r 7hv^7 7.T 
[ 0 0 4 1 ] 

*^HH<^^F^'I4M C a MK I I a ) v 7 >f >«B)iaic out t . -hM L tz (A) - (D) 
[ 0 0 4 2 ] 



WT\ ^mn<7>^^'\±mC aMKIIa ) v ? Olftt LI, ^SttlC aMKIIa ) 
•y 9 -A y • v ^ t,^ fp M L fc^iMJ ic o uTlBfjf 3 ^\ *f&afl ti c ft ^ #IjMJ fc J: o T (61 
^ FIS £ ft -5 & <?> TMi * . 
[ 0 0 4 3 ] 

( Htfefll 1 : ?-y';fo/n>xi«7n^ffl!l) 

121 1 It. *HjMJ<t>^y£'I4MC aMKIIa J -y 7 > v ^ 7. <o ft ~H v£ lc ffl tzm ft^ 
7 - r v t- i > r >£ ^£ t&Bfl i- £ 0 T" -5 . HI _h h Hi \Z . 4^'I4M C aMKIIa ; v 
7^y?'J^ftM<7>fzdb<7)9 — y'yf-orn>xh7n (targeting construct) , 

aMKIIaaife^Cwild type allele) . li^ffiAii^gC LtC aMKIIa 
^Sjffe^ (mutated allele) . Cre U > if -h - -tf fEffl iz J: o T * ir v -f ^ > W'ttal 

^ ^ SIJ 1% L C aMKIIa $Sj|^f (mutated allele after Cre recombination) <r> 
m^^^r fL^ilM^miZ^-?, N. Kx X. EV. A. Hl±. ^ft^ftNotk KpnK XbaL EcoRV 
. ApaK Hindi I I <7) tM FUrS Hf gl^fi ^ ^ i" 0 

[ 0 0 4 4 ] 

^ 57 - Y v -T- i y 7 v£ ic T tJ . * -f . -7^^tffl|g]'|4<?>ffiv^ -y h C aMKIIa w 
c DNAtffluT, -7 ^ x T T 2 jjfflJJSt* ( EE 14 ^ iNH A3 . ES»§) wyMDNAM^ 
7 ']-^xVJ-->n, 7^AC aMKIIa^)i?V>2 (exon2)^#^a-£^if 
A" W tz . x 7 V > 2 li . C aMKIIa<7)Stt^^T'J)S4 2f B^7; Jm^M. ') V 
y (Lys-42) lcffl^i-§^^Se^iJ^#^x 7 V C <^3a feTDf 7° 7 x 5 H ^ 

? 9 -\zW ALTz'mz . mmMMi&m&ifm L (Hll<Dwild type allele#M) » £ «b tc 
7 a - — > r ^ o o 
[ 0 0 4 5 ] 

fit 'J n HSIv^fcPCRffilcioTv x 7 7 > 2 ft <^ L y s -4 2 lc J£i" £ 
t^Stie^iJ (AAG) lc 1 t&m^m&m A t (AGO . T>i*?-y (Arg-4 2) i: & S J; 7 
t^c^t ( HI 1 <r> target ing const rue t#M» HI 4^ ★ EH «<±<^S A 2 ft c h 

T. if fclcBstNI^JK^^k: =k €.Wifg^^^ C $ if^, 3 t t)*T>B tz (EI2#M) o 
[ 0 0 4 6 ] 

^ h \z . 1 0 xPie^J > frf'Pim €T ( PGKn e 0 ) ti?v>2^3 * I ij 

cd i y V a y \H<^> k^\mmm^l\W\Uil\z . %fz, y y 7 '} y MM Ami^T- (MC1-DT-A) 
^#ffl[B]^KiallcJ¥ At § c t \z & *) . ?-yvf i > r 3 > x h ^ 7 h ^frfiS 5 -t± ( 0 
1 ^targeting c 0 n s t r u c t # M ) = 
[ 0 0 4 7 ] 

( H tfO 2 : j — y v i y yn>x h 7 7 h^ESfflfi-M^IA) 

_hie - r -y -f y yn>XF7n ^^»lf $!l L felt, fty FI s ^ m 11 ic «k o T a*s fb 
L, ES IfflUa ( T T 2 MB) ^cn^v Holl-y 3>i:ffli^;. Jjl^^H G 4 1 8t 
ffl tz X 7 'J - =. y 7 \Z J: o T . ^ t v O > IttE S ^ n ^-^ f 'V ^ 7 >v 7' L , ^- cry 
y^DNAtP C R y£ t *t -f > 7- a -y h lc J; o T ^ffi 1 L . 5 2 4 t@<^^a^-c7> 

1 <7) mu t a t e d a 1 1 e 1 e iz Tjk ^ ti -5 » 

[ 0 0 4 8 ] 

_hieyyvsic «k *) m h n tz m ^ u --\z^\^x\t. ^m^m&mft^p c R^t/ (hi 

2 ic^s? ft SO. 29kb<^Dfn-) <^*$«fffi^J<^Stt^lc «k O . mt^lz g »<^^S**4?A5 ftTv^ 
SZt^lIILfc, C <7> 7 *» 2 fS<7>fl14 n n — — \z o v^T . ^ 7 y 7 - * m T C r e U 
=1 > tT -4- — -H ^ p u r om y c i n N-acetyl transferase ( P a c ) ^Icxl n n ta - y 3 > lc 
ioTilAL, K4ftffa-n7 0>tfflu/:X yicJcoT> Cr e U n > 
tr y - -tf jb*4p A^tifcES-Jnz-^f-v ?7'7 y Efc, fiib<?)yUDNAtPCR 
vS t -V > ^ a >y h vi tc Jc o T » ffi 1 L . C r e U n > ■ tf -4- - -tf <7> ft ffl tc Jc o T ^ ^ ^ x > 
W it ft T 1% i 2 ft . loxPSe^iJ<50^ib*^o fcittn u^-^t#y- ( HI 1 ^mutated a 1 1 e 
le after Cre r e comb i n a t i on#M) 0 ctib^fitt ^ o-yicoutt , SS< ^^S* 



t? g& t> <?> p c Rjg^<7>*$&ge?ij<7>v*£ic * *j * ^r^tc a ift t> ^ ^ s ^ a 2 ftxo-g. c 

[ 0 0 4 9 ] 

( HflEfll 3 : ^v£'tt3J C a M K 1 1 a J v 7 A > ^ t> * <?> ft SU ) 

ffl^ll^lilj'g: 9 . ^o^^-v >f >• >ifiittt3a€^3b»ffl^^ ft7c_klr3E S *H AS Pi 14 
7 a - > % n'A \Z o T v ^ X 8 fflfl&Jtfllft \Z -7 -f 7 a >f > £> ac 7 ^ 3 > f 5 C J: IC J: *) . 
^ > ^ v ^ t^^tc, g z<T)*r > 9 Ts^ff^Mv^ X i: gr3 L 7c *S IH x ESffflflS 
lfe*<7>jtl£^%if-3-7^ r^SttiC aMKIIa ; v 7 4 > v ^ 7, J 

[ 0 0 5 0 ] 

( HlMJ 4 : ^^ttm! C aMKIIa ; M>^) x<7>f##f - D NA^ >i<?>Mffi- ) 

±ie^vitc iDftllJg ft/c^ttM C a MK I I a J v 7 Ov^xicoux, ^LWmfik 
J- la] ffi a & x tc «k oTi?A3*iT^£ c i: % -4- -*f > ^ a -y h- ffiffi \z «k -o T fit II L . 
* H *5 * fc* 13 3 tc ^ 2 ft £ o 
[ 0 0 5 1 ] 

PSHlcli. ff^M^^T, (+/+) . ffl^]*fe#^-^lC^ffittIC aMKIIalfif 
ipA2 ftfc^^n 7. (I/-) s ffl[B]^fe#c^)5(^tc^^'l4M C a M K I I a m feT 

A3tifc*€-7^7, ( -/-) <t> ii ^ mm h z ft -e ft y j u d n a * * l . ^ +r > ^ a 

nfStftftofc, i$.m L -7' a - ~f \t . 9 - y V =r 1 > 7* =i > ■ X h 7 7 h <7) 3 ' ITS 

s INffllRl«i*lcWfE-t S 3 ' -fx* — -? (3 ' probe) . 7 - r -v ^ i > 7* a > x h 

7 7 h <7> |*| g|s\ m Is] iallc xt -t £ l*J 7° a - 7' (internal probe) <^ 2 ft M T? *> £ (0 
1#M) . &y ) u D N A*fWKS^ADa|-?«LIi^. 3" p r obek: J: S tfttti Jfg* **EI 3 ( 
a) ic. ftiJFlrS^EcoRVT^HIt. internal p r ob e lc «k & & tfj i« II (b) \z ^ $ ft 

§ o 

[ 0 0 5 2 ] 

ff^M (+/I) Tlix (a) Apal di ges t. T'4. 5kb. (b) EcoRV d i g e s t . T 3 . 6 8 kb <D 

> H ffi^ft^^lc^L. ^FvH'14^ C aMKIIa ; v ? -i > * t v ^ x ( -/-) t tt . 
(a) Apal digest. T?5. 5kbx (b) EcoRV d i g e s t. T- 2. 1 5kb t it €T<^ffl lalffi i * ^ 

i- ^ g > K jb»*fc ai ^ ft S o ^ -T- a -7 ^7 7s ( +/-) T* ii . Wf±m t * t7^XT' 18 #> <b ft 
7zM^<7) ^> K * s t^tii $ ft S o HI 3 fc^-t^S*^**^ s &m&fc=? ^ffl|B]ffl^«x.tc Jc 
oT^A^tlTi^: i: **fil^ $ ft 7c o 
[ 0 0 5 3 ] 

* tz . ^;^DNA<7)PCR^*flcJ;oT : &^ r 7 7^3tf^^^<7)v^^(genotyping) * 
tf o 7c o * co IS H El 4 ic ^ $ ft 5 . m tf x ( a ) li . x ? y > 2 ^) 3 ' T *&L<r> A > N n 

> 1*1 ic^^-t 5 loxPge^Jff AI^t«t? 7' 9 v-fcfflv*fcP C R^ffi 1 ( loxP-PCR) ic =k 

oTx ioxPE^ijc7>lr?m^^*i-^ c t \z j: ») . ^<?)i^fi%^£LtiSSS"e*5 

o |b] H tc ^ ~t «k 7 ic . fftlv^T. (+/+) <^loxP-PCRMt/* s 2 2 0 bpTilo§c7>tcit LTx * 
t v ^7 7s ( -/-) T* li x l o x PlrZ^lJ c7) ff A IC J: o T 2 8 7 b p h 4% < * o T u -5 . 
[ 0 0 5 4 ] 

04 (b) ttx x 7 y> 2 l*Jc7>^^^4|A^7>^ftt?P C R Bs tN I PIr3$*^ 

11 (PCR — BstNI digest. ) ~t h Z. t \z J: ») . 7>) x lc ff 7c * ^ Kfr 5^ Si ^ L T 

m 2 \z^-f & i \z . C a M K I I a m =? <?> ^ 7 V > 2 1*1 ic ^ fit ~f Z> 1&&tWM AAG ( L y s -4 2 
tcfflii) ^AGG (Arg-4 2lcffl^) lfiSIi (^C^S) ^^C^-tt^C^lcJc 1 ). ff 

7c %KstN\mmMmwwiffiiz.h*iiiM-t t^oT. a 4 (b) \z^-t&i\z. m±m-?^ 

^ ( +/+) T' It 1 9 4 b p t 9 7 b p <7> 2 *<JO ^ > K tii mi" -6 <JO iz ft L . * t v ^ 7s ( -/-) T* li 
x ff fc*Bs tNlfWKSlfe^»rgPft**T?§ S Tcasolc . I3lbp. 97bPx 63bptf> 3 K 

n7'7X (+/-) Tttx I94bpx I3lbpx 9 7 b p . 6 3 b p <D 4 * <r> >< > K T 

[ 0 0 5 5 ] 



J: Ic i •} > A^SSIf^tf o feo -e^^H^IH 5 tc ^ 2 ft 6 » ff£M(wild type 

) TtJLys-4 2lcffl^i-^J^^ge^iJ ( A AG ) . ( h omo z y g o t e ) T* It Ar g-4 2 tc ffl S 

i-£i^*g£?U (AGG) . -s^rnv^x ( h e t e r o z y g o t e ) T* t± AAG i: AGG<JO Efll ^vllfiE L T 
& Z t :b* ift fi fit IS T* S fco 
[ 0 0 5 6 ] 

( 5 : C a MK I I a J v 7 <i > v ^ ^^fjftf-ia L- >i<?)fflM- ) 

tc. ^ X fl^ ^ ^ — h % ffl T . H 7iX5'>^n'y Mci§SQl^-<^^fStf 
%ffo^:„ <7> *S S ft* 13 6 IC^ $ ft£ o C a MK I 1 a \Z ft M 83 IZ fx ft- ~t Z Hi fa IZ J: £ *fc tt! 
TMi. fuflS (forebrain) . /MIH (cerebellum) n\Z . ff^^ (+/+) . * ^ * (-/- 
) T* . C a M K 1 I a M 6 U "< 'I \Z Bfl h £ ^ « If. <b ft * ^ o fz ( lU EI _h ) . d <?> Z t 

^ «b . lT^geK&^fi-fSTjSf'Fic.k-oT. c aMKIIaIfi^M^'<'^^:^iBt^ 

t§ZW"k z i: h*m h t & o fe. $ <b C a M K I I co 7 — n co *f -7* ^ — v Y 

a T* . * <?> f&Sllc m It M,db h ft £ o (1ST) o 
[ 0 0 5 7 ] 

(X\z, v ^ x flg ^ * t i? * - V % flU T . tff S 95 * ^ 7' * K S H tc =k £ C a M K I 1 <r> S 
'I41!)^^ff o fc. *<*>*SH* 13 7 ic^i" J; 7 tc. C a M K I I a fc* (9 lc it ^ T H & T° £ m 
MlZte^Tlt. -s^n^^7. (I/-) , (-/-) T* It s (+/+) fcifc^T 

. 71. 5% ( #3 7 §ij ) . 38. 8% ( #3 4 m ) <^ l ^if.^ ^ n & ^ o fc. * =e ^ ^ ^ 

tc is l-f Z ft it . C a M K 1 I (9 tc J; % % <r> t % £ ^ tl -5 . 

[ 0 0 5 8 ] 

— C a MK 1 I (9 &*a tctb^Tff teT?*> S 'MliS Ic v> T l± . HI 8 lc ^ i~ «k 7 iz . ff^ 

T tc^s^ip a L C a MK I I a It. y'u^^y * -y- ^^tt*Jf &v^v£<M ^ 
tl -5 o 
[ 0 0 5 9 ] 

Jil ± *S H <b x ^7$'I4MC a M K I I a J v ? A > v *7 XTU, C a MK I I a <7) g Q u 
^ T' <^ a e I? IE I' IC fif tl T \,*2> fr\ & T -i > + - 7$ CO * ^IJR 65 IC ^ 

[ 0 0 6 0 ] 

( HlfJ 6 : ^F^ttS C a MK I I a ) v t> A > v ^ x<^ri^, ^^^) 
-.tu -7^ x [a] ± co £ Sr3 ic J; o ^ti/i^^ 7. 9 3 E<7>3afeT^ t '14 SU <7) SO □ W ff 

[ 0 0 6 1 ] 
[^ 1 ] 





homo 


hetero 


wild 


total 


male 
female 


9 (20.5%) 

1 0 (20.4%) 


26 (59.1%) 
24 (49.0%) 


9 (20.5%) 
15 (30.6%) 


44 [47.3%] 
49 [52.7%] 


total 


1 9 (20.4%) 


50 (53.8%) 


24 (25.8%) 


93 [100%] 



[ 0 0 6 2 ] 

I 1 tc^-t Jc 7 IC P77Xi]*,|^|(, ff£3k X A* * il ft #3 4 5><^ 1 



•f o t . > > ^ ^ a m tc & o t ± £ n t -5 z t t)*m m l tz . -t * t> *> . ^ * r ; a 

[ 0 0 6 3 ] 

*?£HH<7>^>£'tt^ C a M K I I a J v 9 A > Ifi^fc J: Vim ; -v ? A > . C a M K I I 

a <^> a -r- > ^ - -t£ f£ 'ft A fc*2ff S © lc S 5 il T £ cry x* . SO M L i: ») . =fc 9 
2ft ^ & <z> ft Rf ^ |ft ft (XttffflflS) fcLT. #S • iB«<?>BW. T A, fc> A, IE ff^ UK RE 

^ fij dJ 66 14 ^*i-S^<50T-*>-Sc 
[ 0 0 6 4 ] 

[0 1 ] *%BH^)iMJCi5^SttIC aMKIIa i 'y M>7^ x o fF tfilc ffl \, * 

[03] (a) (b) It. Y ) U D N A<^ ^ "f> "7 n -y h f$flr l*t*t0T'J> £ = 

[04] (a) (b) tt . yMDNAwPCR»tfiS*^St0T'J>5. 

[0 5] x - * ^> ^ > ric J: 9 . ^^Si?A<7)*M^it@ffliaLfc*8*%^-tl3-e 

[0 6] C aMKIIIfi^IS^^ ^xx?>^n-y h ftlc J: ►) g^ff L fcSIt^t 

0 T* cfc <E> o 

[0 7] HuP^'b <^ * * v h tffl^fc C a MK I IMttPJ/^^m^^i- 777T*i 
[0 8] <WI» fc> <b <?> * * * - h ^fflufcC a MK I l^'&IiJ^fSJU^-t 7T*i. 

'5 o 



mm 

i ] 



targeting construct 

(CaMKIIa K42R, 
K[AAG]-->R[AGG]) 



N 



BSK 



wild type allele 

(CaMKIIa) 



mutated allele 

(CaMKIIa K42R, 
K[AAG]-->R[AGG]) 



K42 (wild type) GC CAAG ATT 

Lys 




BstNl site 

K42R (mutated) G bCAGGlA TT 

\ Arg / 

\ / 

\ / 

exon2 
* 



K 



XEV A 
i i i 



loxP 



PGKneo 



EV X N 
I ii 



/ 



H 



exon2 



/ 



/ 



/ 



/ 



1 






/ 


K 


XEV A 


A 
i 


EV XH A 








n 3' probe 












H 


4.5 kb 



i^s:.^.;*! internal probe 



3.68 kb 

loxP 



exon2 
* 



XEV A 
1 i 1 



PGKneo 



rr 



EV XH 

J LJ_ 



H EVEV 



mutated allele after 
Cre recombination 

(PGKneo-deleted) 



K 



exon2 ,,,, loxP 



XEV A 
i i i 



T 

H 



EV 
J 



XH 



A 

-L 



r 

EV 



m 3' probe 



5.5 kb 



internal probe 



2.15 kb 



K[AAG]-->R[AGG] 

[BstNl] 



BstNl 

1 


exon2 








upper primer h 


0.29 kb 


h lower primer 



0.1 kb 



BstNl 

0.19 kb 



K42 (wild type) 



0.1 kb 0.06 kb 0.13 kb 



K42R (mutated) 



[H 3 ] 



(a) (b) 

Apal digest <~ 3 1 probe EcoRV digest.<- internal 

probe 

+/+ +/_ +/+ +/- -/- 




3.68kb 
2.15kb 



[04 ] 



(a) 



(b) 



genotyping (loxP-PCR) 



PCR --> BstNI digest. 




287bp 
220bp 




194bp 



+/- +/+ +/+ +/- -/- +/+ -/- 



+/- -/- +/- +/+ +/- -/- +/- 



[0 5 ] 



wld type 



Lys 



ATGCT GCCA AG ATTAT CA A 
130 140 




heterozygate 



Lys + Arg 



AT GCT GCCaHGATTAT CAA 




ho mo zygote 



Arg 



ATGCT GCCAGG ATTAT CAA 
130 140 

I 




im 6 ] 




im 7 ] 



F ore bra in 



„ 120.0 

"O 



o 

• — ^ 

> 

o 
a 

12 

a 
U 



1 00.0 



80.0 



60.0 



40.0 



20.0 



0.0 

















CaMKII activity 



w iid 



h etero 



h om o 



im 8 ] 



Cerebellum 



1 20.0 



= 100.0 



i 



o 

• ■ 

> 

u 
o 

D 
U 



80.0 



60.0 



40.0 



20.0 



0.0 




CaMKII activity 



wild 



h et e ro 



h om o 



mm] 

[Hil] C a 2 +/^7 >i ^ V - > -f 'o t 1 >f > ^ 1£ I I a (C aMKIla) 

>f > d?* — •Hfg'tttf) **>*4$Htok:»W 3 ft ^ & 3! C a MK I I a ) v ? -f > iftt/fc =k 

vm ) v ? -i > mm^i^^-t %> z t . 

C aMKIla ii . • IB'H o fc^iXHH*»&fcfc: iiL . £ fcT ^ fc> A, IE ff^ J& Jfil k: =fc 
S Hfi US W % ffll fttl S i: ^x. <?>ft£ C h^tb. 3<t>^y£14MC aMKIla ^ 

[SIR El] Ell 



tarn a 



5 0 3 3 6 0 1 1 5 

2003100 1 



& ft IK v£ A f*^»ftfill*»« 
5 0 3 3 6 0 1 1 5 

2004040 1 



tf 5 Kill □ rfj^Hl 4 T @ If 8^ 

to ±l ft m A ft^t*ttrfBll»« 



